Simultaneous in vivo monitoring of cerebral deoxyglucose and deoxyglucose-6-phosphate by 13C[1H] nuclear magnetic resonances spectroscopy.
The capacity of brain to dephosphorylate glucose-6-phosphate has been established, but the magnitude and significance of this capacity in vivo are debated, particularly in regard to dephosphorylation of the glucose analog 2-deoxyglucose. We now report results of external measurement in the brains of conscious rats with simultaneous resolution and quantification of both 2-deoxyglucose and its phosphorylated product by nuclear magnetic resonance (NMR) techniques that used 2-[6-13]deoxyglucose together with proton-decoupled 13C surface-coil spectroscopy. As NMR techniques require large doses of 2-deoxyglucose, a dose comparison was first made using decay curves of total label after tracer doses of 2-[14C]deoxyglucose without versus with unlabeled deoxyglucose at 500 mg/kg (the NMR dose). Similar cerebral half-lives for the two doses were found, and no behavioral evidence for toxicity of the NMR dose was seen. In vivo NMR monitoring of conscious rats showed that the analog reached maximal cerebral concentration within 10 min of the intravenous bolus and decayed with a half-life of 29 +/- 7 min (n = 4; mean +/- SEM), whereas 2-deoxyglucose-6-phosphate reached peak concentration between 30 and 40 min and decayed with a half-life of 2.1 +/- 0.3 h, equivalent to a fractional loss of 0.8%/min. Thirty-one percent (+/- 5%) of the total analog pool (which showed a half-life of 1.4 h) consisted of 2-deoxyglucose at 45 min after the bolus. The results support an active but limited role for dephosphorylation by normal brain in glucose analog (and potentially glucose) metabolism in the unstimulated conscious rat and a wide concentration range for the metabolic operations involved.